INTRODUCTION
The continuing development of new polymeric materials with wide ranging physical properties gives the biomedical engineer extensive latitude in design and application of these materials. One crucial criterion, which these materials must satisfy, is biocompatibility with cardio-vascular and/or intramuscular tissues. Many polymers, which otherwise have desirable physical properties, are eliminated by the biocompatibility tests. These tests are conducted routinely in scores of biomedical laboratories by implantation of polymer test specimens into laboratory animals ."'"At the present time inter-laboratory comparison of these data is difficult or impossible because control and standardization of the tests on a national scale does not exist. Parameters such as quality, species and diet of the animals are impossible to control and therefore it becomes necessary to "calibrate" each animal during the test. This internal calibration can be accomplished by using a negative control material which is implanted in the animal along with the test specimen. Data is then recorded as tissue reaction to the test specimen relative to its reaction to the control material.
If all laboratories use the same negative control', a common reference can be maintained and interlaboratory comparison of data becomes possible.
We describe here the participation of NBS in the development of a candidate negative control material. In addition to the above, several bulk characterizations of the sheet and rod were made. These measurements included density, differential scanning colorimetry (DSC) , and infra-red transmission spectra. The density measurements were carried out using a density column which was formulated with distilled .water and ethyl alcohol according to the ASTM D1505 procedure^. The column was calibrated with small glass beads of known density. The DSC was used to qualitatively observe the melting and annealing characteristics of the samples and to assess the uniformity of the material from specimen to specimen.
A Perkin Elmer DSC-2 instrument was used over a temperature range from 10°C to ISO'C.
RESULTS AND DISCUSSION
The total number of specimens which were examined for this program was were considered as parts of a single sample since they were extruded in a single process. These 150 rods are not handled individually, but rather a set of 30 rods was selected at random and these were used in the characterization experiments.
From each sheet, a 1.2 7 cm wide strip was cut from two adjacent sides and retained for the characterization measurements. Each large sheet and side strip was used for the contact angle measurements but in order to avoid contamination only the side strip was used in the other experiments. Upon completion of the measurements, the sheet was made available for biocompatibility studies and stored in a paper folder. The side strip, also stored in paper, was retained for additional materials study. Paper was used as a storage medium in order to avoid contamination from small organic molecules which are often present in commercially processed plastic packaging material.
Contact Angle Measurements
Using distilled water droplets, the contact angle was measured for both surfaces of all 40 sheets. Also, the differences in surface roughness can influence the contact angle.
It must be remembered that these measurements are macroscopic and do not give us information about small amounts of surface contaminants.
For the rods, ten samples were selected at random for the contact angle measurements. 
ATR Infra-Red
The results of a representative ATR scan for the sheets or rods processed from the 1476 material are shown in Figure 1 . For sheets processed from the 1475 material, a spectrum is shown in Figure 2 . In both cases, the spectra are typical of polyethylene with the only differences occurring in the vicinity of 1350 cm~^. Here, the CH^end groups, which are more numerous in the branched 1476 polymer than in the linear 1475 poljmier, show absorption in Figure 1 but not in Figure 2 . At 700 cm^, the typical crystalline amorphous doublet of polyethylene showed some variation fram sample to sampM but this was attributed to a polarization effect associated with this band.
During the infra-red scan special attention was paid to the regions where carbonyl groups absorb (1750 cm"''") and to the region 400-800 cm"-'-where metallic oxides absorb. The SIMS results for the rods were somewhat unexpected because there was no indication of contamination from any of the other measurements. The extrusion apparatus had been thoroughly cleansed prior to processing but no analytical check on the extruded product was made until the SIMS measurement months later.
Density Measurements
The results of the density measurement for the sheets and for fifteen rod samples are shown in at 60°C, demonstrated that the 47^0 transition was due to the melting out of crystals which were formed during storage at room temperature over a period of several months. The sample is continuously undergoing "annealing" even at this low temperature. This is a very small bulk crystallization which probably has little effect on the surface of the material.
The crystallization run is seen In Fig. 7 Although the elemental analysis of the rods is significantly different from the sheet, the SIMS results for the two rods are similar. If biocompatibllity tests demonstrate the suitability of this material as a negative control, proper attention must be given to methods of processing and the elemental contamination which results. It is apparent from these tests that only a sensitive analytical tool such as SIMS can be used to observe the differences between surfaces of these polyethylene samples. This spectra was typical for all sheets of the 75 series. This work was initiated in order to fulfill a need for a polymer which can serve as a negative control material for bio compatibility studies involving new polymer implant materials. Two large batches of well-characterized polyethylene resin are the sources of the candidate negative control material. The original polyethylene resin, in pellet form, was processed into sheets and rods and examined for surface contaminants and uniformity.
Surface observations consisted of measurements of contact angle, attenuated total reflectance infra-red absorption and secondary ion mass spectroscopy (SIMS). Bulk measurements consisted of density, differential scanning calorimetry , and transmission infra-red spectroscopy. All of the measurements, except SIMS, indicated that the material was uniform and typically polyethylene with no macroscopic contamination. The SIMS measurement, which is a sensitive analytical tool for detecting low levels of elemental contamination, showed significant differences between the type, of contamination on the surfaces of the starting material and the type of contamination on the processed sheet and rod. The method of processing was also significant because the extruded rod showed much more contamination than did the compres sion molded sheet. The surfaces of the rod were found to contain metallic oxides and several other metals which were not present in the unprocessed polyethylene. It is concluded that close attention must be paid to the method of processing and that only a sensitive analytical tool such as SIMS can be used to detect surface contamination and the differences between these samples. 17 
